Abstract
Introduction
It is assumed that game elements, such as thematic setting, progress bars etc. influence the interaction with an application. The implementation of game elements in several domains of our daily life is rising immensely. However, there is a lack of empirical studies examining the effects of game elements on behaviour and performance of users. Many available cognitive training applications do use game "like" elements, but research on the assumed beneficial effects of using game elements for cognitive tasks or cognitive training is lacking. Commercially available cognitive training systems often cannot support their impressive beneficial claims sufficiently with empirical evidence (e.g. [1] [2] [3] ). When such cognitive training applications are used for diagnostics, extended periods of time or in an even more crucial context of rehabilitation of neurological patients, empirical validation of its components is necessary. Successful cognitive training requires significant effort from the users. Thus, motivation is a key concept in using cognitive trainings systems or cognitive tests appropriately. Using game elements, such as points, setting or progression bars in this non-game context, which is commonly known as gamification [4] , may promote user performance, motivation and flow. However, the implementation of game elements or specifically external rewards could also have negative impact on the intrinsic motivation of users (see for example [5] ). Recently, Mekler and colleagues [6] examined the effect of game elements in an image annotation task, which required participants to add tags to several paintings. They did not find a significant effect of game elements on intrinsic motivation between two groups in different conditions, one with game elements and another without them. However, Mekler and colleagues [6] could show that participants who received game elements within the image annotation task generated significantly more tags in less amount of time compared to a control group without any game elements. The effect of game elements or gamification on cognitive performance of basic cognitive functions is sparsely researched. Prins and colleagues [7] reported improved performance and motivation in children with attention deficit hyperactivity disorder (ADHD) for a working memory training with game elements compared to a regular working memory training. The present study aims to further explore the influence of game elements on cognitive performance of users. Therefore, two versions of a working memory training task were developed. In one, various game elements (a progress bar, a level indicator, and a thematic setting) were implemented, while in the other, a conventional version of the same working memory training task was used. The implementation of game elements into the working memory training task was guided by concepts of flow theory [8] to keep users engaged. The state of flow is considered optimal [8] because it is driven by a high intrinsic motivation towards the activity that leads to personal positive experiences such as immersion, enjoyment, fulfilment and skill. Even though a flow state can have diverse beneficial psychological impacts on people we were especially interested on its impact on learning and the performance in a working memory training task. Webster and colleagues [9] explored this important link and verified that flow experience can have a positive impact on learning. Therefore, the present study examined effects of adding game elements to a conventional working memory training task on performance and flow. It was expected that users provided with a gamified version of a working memory training task would perform better and perceive more flow than users with a conventional working memory training task without the specifically implemented game elements.
Background

Working memory
Working memory is a cognitive system that enables humans to manipulate and recall a limited amount of retained chunks of information for a brief period of time [10] [11] . Training working memory is very plausible for patients (e.g. stroke, ADHD, etc.) as well as for healthy adult persons (peak-performance training). Working memory is a brain system that allows the human to manipulate and recall a limited amount of retained chunks of information for a brief period of time [10] . Numerous studies demonstrated that working memory is of central importance for acquiring knowledge (e.g. [12] ) and is involved in a variety of complex cognitive tasks and abilities (e.g. [13] ). Alloway and Alloway [14] showed that working memory is even a better predictor for academic success than intelligence. Thus working memory is also a strong predictor for reading and mathematical skills [15] .
Literature on working memory training shows that core training of working memory is especially promising. Core training studies typically involve tasks using sequential processing and frequent memory updating components integrated with a design targeting domain-general working memory mechanisms [16] . One very common and successful approach of core training paradigms is the complex span task. Basic simple span tasks require the participant to remember and recall a number of items which have been presented without interruption. Whereas in complex span tasks participants have to execute a distractor task after each presented item. For instance, participants have to remember a sequence of one-digit numbers. These numbers are presented sequentially and after each number the participants have to solve an easy equation (e.g. 6+8=15, true or false?) while maintaining the presented number(s) in their temporary memory. Complex span tasks are a reliable measure of complex cognition [1] and therefore used in this study to develop two versions of a working memory training task.
Flow
Flow or a state of flow, was introduced by Csikszentmihalyi [8] and occurs when a person is completely absorbed by its current activity. Flow is associated with a number of factors: sense of control, action awareness merging, loss of self-consciousness, concentration on activity, distorted sense of time and autotelic experience (intrinsically rewarding) dimensions. However, flow is not easy to achieve since it actually only corresponds to a narrow band of experiences [17] . If a given activity is very challenging but a person has low skill at performing it, instead of flow he/she is lead to a state of anxiety. Conversely, if the person faces a very easy activity and he/she has high skill at performing it, again flow is missed and a state of boredom might be reached. Moreover, flow experience can also be used to evaluate the quality of gameplay [18] . Kiili [19] introduced an adapted version of the theory of flow for virtual environments, specifically to game based learning. According to the theory, there are several main "flow antecedents" [20] that should be considered to achieve a state of flow and consequently its learning effects:  Clear Goals -clear goals facilitate the learner's focus on the activity which is related to a higher probability of experiencing flow;  Feedback -helps the learner monitor his/her performance and progress and also avoid distractions, both related to a higher probability of experiencing flow;  Playability -overly complex activities or interaction with the learning system are related with a lower probability of experiencing flow;  Sense of Control -the learner's perception that he/she can develop his/her skills to reduce errors in challenges should be supported. If such a balance between the challenges and skills is offered there is a higher probability of experiencing flow.
Even though "Challenges" and "Skills" were not specifically described they are both fundamental antecedents. These antecedents are actually the key elements of the theory and are better characterized as a comparative dichotomy (e.g. Playability and Sense of Control antecedents).
Game and Task Description
Cognitive Training Task
The application (working memory task with game-elements GAME-version; working memory task without game elements NOGAME-version) was designed to guide the player through cycles of a complex span task activity for 25 minutes. The activity is composed by a sequence of phases that are typically (assuming an error free progression) presented in the following order ( Figure 1 ):  digit presentation (DP) the application displays a one-digit number (key-digit) that the player must memorize until the unlocking phase;  decision task (T) the application presents a simple arithmetic decision task (e.g. 5 + 6 = 11) that the player must classify as either true or false (see Figure 2 GAME & NOGAME, A);  unlocking (U) the player is asked to recall the key-digit initially presented; This complex span task activity can be parameterized in terms of difficulty by varying the number of DP→T phase pairs before reaching the U phase. The digits to recall in this phase are all those that were previously presented in each DP phase. The number of digits to remember is therefore directly proportional to the number of DP→T pair sequences that precede it. A user initiating a new session starts at level 1. Each level is composed by two sequential and equally difficult complex span task activities. If a player is able to successfully complete two equally difficult tasks then the user advances to the next level. For each level that the player advances one more DP→T pair, relatively to the previous level, is added to the complex span task. For example, in level 1 the player is presented with the following complex span tasks composed by the following phases: DP→T→U. However, in level 2 he/she faces tasks with the following phases: DP→T→DP→T→U. That is, for level n a player faces n phase pairs DP→T before entering phase U. As in any cognitive task, the user can make mistakes and in the specific case of this complex span task they can occur either at the T phase or at the U phase. An error in any of these phases results in the player restarting the current complex span task level from the beginning. However, if the player makes two mistakes, in the same level, he/she levels down and starts a complex span task with a lower difficulty. This procedure allows the players to train at the optimal level of their capabilities. Furthermore, the adaptive difficulty of the task should ensure maximum performance of the users. Specifically, if a user is able to solve a specific level the user will advance into next level (increase in difficulty), but will level down (decrease difficulty) if the user is not able to correctly complete the task (recall the key-digit sequence). In the long run, the user will find his/her optimal performance range. This is the case for the working memory task with game elements (GAME) as well as the version without game elements (NOGAME). The flowchart presented in Figure 1 represents the possible paths in player progression according to the different phases of levels 1 and 2.
GAME vs NOGAME
The gamified version of the working memory training task (GAME) is presented to the player as a personal quest of freeing one's own brain areas (for a more detailed description see also [21] ), while the version without game elements (NOGAME) is introduced as a regular working memory training task. The gamified version of the working memory training task provides a constantly visible progress bar at the top of the screen as well as a written indicator reflecting the current level of the user at the bottom of the screen (see Figure 2 ). In the unlocking phase U of the application users of the gamified version try to help freeing certain areas of the brain by remembering the correct numbers. That is, over the course of the 25 minutes of working memory training users in the GAME-group successively unlock different areas of the brain. This is visualized by a coloured brain region which is visually overlaid by a lock. When typing in the correct numbers the lock opens (see Figure 2 GAME, D) and the formerly locked brain area is freed and is shortly highlighted by intensifying its colour. In contrast users of the NOGAME group are only provided with a red "X" for wrong answer (see Figure 2 NOGAME , B) and a green check mark for a correct answer (see Figure 2 NOGAME, D).
In the gamified version of the working memory training task the user receives visual feedback of correct (growing neuron animation) or wrong (shrinking neuron animation) answer according to the result of the T-phase (see Figure 2 GAME, B), while in the non-game version only an "X" for wrong answer (see Figure 2 NOGAME , B) or a green check mark for a correct answer is shown (see Figure  2 NOGAME, D). The duration of the feedback and all other elements did not differ between the two versions of the application. According to Kiilis [19] adapted version of the theory of flow for virtual environments and game based learning no differences between the GAME and NOGAME version can be expected at the level of "Challenges" and "Skills", since the working memory training task and its mechanics (including the adaptive difficulty system) did not differ between the two versions. Nevertheless, both versions of the working memory training task did provide these two fundamental antecedents of flow and therefore users should be able to get into a state of flow. However, the two versions of the working memory training task did differ in some of the other main "flow antecedents" [20] due to the implementation of specific game elements. Both versions of the working memory task provided "clear goals". The main goal was of course to perform as good as possible in the working memory task and therefore the structure and the general mechanics of the working memory task were the same in both groups. However, as mentioned above, the overall setting of the working memory training differed in the two versions (see Figure 2 GAME vs. NOGAME). The working memory task with game elements had a more visually appealing design, provided an overall setting and setting specific feedback for correct and wrong answers. This difference could influence the perceived flow, overall impression and importance of the task. Furthermore, the GAME version provided more precise "feedback" and a higher quantity of "feedback" (progress bar, level indicator; see Figure 2 GAME, A), which should influence the flow and performance of users [22] [23]. In the NOGAME version of the working memory training task users only had two feedback channels (green check mark for correct answer; red "X" for wrong answer). In terms of "playability", clicking buttons and pressing keys on the keyboard, and "sense of control" ("Challenges" and "Skills") the working memory training task with and without game elements did not differ substantially. 
Adaptive point score
The used scoring system was designed to reward users adaptively throughout the whole application (1) . A first layer of adaption is embedded into the level score formula (see ( )) by using a Napierian logarithm of the current level. Thus, the system initially gives the user more score for each level increase. However, as the application progresses and becomes more difficult, the user needs to clear more levels to receive an additional amount of score similar to that of a previous level.
was kept constant at the value 20 and was determined through extensive pre-testing. Notice that the is a constant setup at parameterization time that scales the values of the score according to the game design requirements and does not differ between GAME-and NOGAME-group. However, as already pointed out above, in the NOGAME-group there was no progress bar shown. A second layer of adaptation is achieved by including a memory mechanism in the score formula (see ( , )). The current score then depends on two factors: the current level and the maximum score achieved by the user. If users decrease their current level then their level score is bound to be lower than the previous current score. To motivate players for having been able to reach higher levels (even if temporarily) the point scoring system rewards them by retaining a percentage of the difference between the maximum score they achieved and the current level's score.
was kept constant at the value 0.2 and was determined through extensive pre-testing. Notice that the magnitude of the reward is setup at parameterization time through the constant according to the desired game experience and does not differ between GAME-and NOGAME-group. If the current level score is not lower than the maximum then that is the current player score. Thus, the point score unifies the actual level of the players/users by considering the maximum level the user has reached so far. For example, person X achieved a score of 35 and person Y achieved a score of 25. However, the maximum level of both in the working memory task was 6. In this case a higher score indicates that the participants predominantly trained at their optimal performance level until the end of the session. While the lower score indicates that person Y predominantly trained below his or her optimal performance level or person Y showed a high level variability. This shows that both participants could have the same working memory capacity, in the sense of maximum retainable information chunks for a short period of time (maximum level), but show differences in the ability to allocate working memory capacity over a longer period of time. Figure  3 shows the typical score progression of a user. One can observe the initial rise in the score until sequence number 20, while sequence corresponds to the sequential number of unlocking (U) phases. After sequence number ~30 it seems that the user found his maximum performance threshold and stays more or less at the same score. Figure 3 . A typical example of score progression for one user; score = ( , ) (adaptive point score); sequence = sequence of unlocking (U) phases, the individual maximum amount of sequences always corresponds to 25 minutes.
Methods
Participants
A total of thirty-nine university students were recruited for this study (7 male, 32 female; mean age = 23.8 years, standard deviation (SD) = 5.05) and randomly assigned to one of two different versions of the online working memory test (with or without game elements). Eight participants were excluded from statistical analysis because of missing data. Thus, complete data sets for 13 participants in the group with game elements (GAME-group; 5 male, 8 female; mean age = 23.38, SD = 3.80) and 17 participants in the group without game elements (NOGAME-group; 1 male, 16 female; mean age = 24.12, SD = 5.93) were available. The participants were not aware of the aims of the study at the time of the data collection and gave their written informed consent. The study was approved by the ethics committee of the University of Graz and is in line with the Helsinki declaration.
Material
Flow experience was assessed with the Flow Short Scale (FKS "Flow-Kurzfragebogen", [24] ). The FKS contains 10 items, which are related to 2 different subscales: "Absorption" and "automatic and self regulated process". The participants rate their experiences on a 7-point Likert scale from 1 (not at all) to 7 (completely). In this study we used the total value of all items, which provides a reliable measure of flow experience (Cronbach Alpha = 0.90; [24] ).
Procedure
Participants were recruited through flyers posted at the Campus at the University of Graz or via the university email-system. Participants responding to these were randomly assigned to either the online working memory task with implemented game elements (GAME-group) or the online working memory task without game elements (NOGAME-group). Participants received a written instruction about the procedure of the study and information about the working memory task. Afterwards, participants used a web-link to get to the corresponding online working memory task (GAME or NOGAME). After 25 minutes the online working memory task (GAME and NOGAME) ended and provided users of the GAME group feedback about their performance in form of achieved points (see Adaptive point score). Afterwards the online system provided a web-link to further online questionnaires assessing the flow experience of the users, and sociodemographic variables.
Statistical Analysis
International for homogeneity of variances. To evaluate whether the performance in the working memory task, assessed using the point score of the application, and the flow experience (FKS) differed between GAME and NOGAME group, two two sample t-tests were calculated. Additionally, to compare the working memory capacity between the two groups the maximum level achieved in the working memory task was compared using a two sample t-test. Heatmaps were generated using the R plotting system ggplot2 (http://cran.r-project.org/web/packages/ggplot2/index.html).
Results
Performance indicators of the working memory training task
A two sample t-test comparing the point score of participants in the GAME group and the NOGAME group yielded a significant difference (t(28)= 2.13; p < 0.05; Cohen's d = 0.79; see Figure 4 ). Participants in the GAME group (mean = 34.46; standard error (SE) = 0.93) achieved higher scores than those in the NOGAME group (mean = 31.24; SE = 1.11). There was no significant difference between the GAME (mean = 7.00; SE = 0.32) and NOGAME group (mean = 6.35; SE = 0.31) in the achieved maximum level (t(28)= 1.44; ns).
Figure 4.
Task performance of working memory training task as assessed with the adaptive point score; bars represent the point score with standard error indicated for GAME and NOGAME group.
A heatmap of the level-progress of the GAME (left) and NOGAME (right) group is shown in Errore. L'origine riferimento non è stata trovata.. The colour of the heatmap indicates the number of participants in %. The level of the users is plotted on y-axis while the sequence number on x-axis corresponds to the sequential number of unlocking (U) phases. The performance of users can also be implicitly assessed by looking at the number of sequences (unlocking (U) phases). That is, a user who predominantly trained at a higher level would have worked on less number of sequences (unlocking (U) phases) than users who predominantly trained at a lower level. This can be explained by the fact that the absolute amount of time one user has for the cognitive working memory task is constant (25 minutes). However, the amount of sequences (unlocking (U) phases) is variable and depends on the average level of the user. That is, the time it takes to complete level 4 (4x DP→T pairs and 1 U-phase at the end) is about half the time it takes to complete level 8 (8x DP→T pairs and 1 U-phase at the end), which means that users who train at a higher level complete less number of sequences (unlocking (U) phases) than those who train at a lower level. Thus, the provided heatmaps allow to visually examine the level progress of the users in the GAME and NOGAME group throughout the whole session of the working memory training task. The colour white reflects a low percentage of participants, while a high percentage of participants is reflected by the colour red. Figure 5 . Heatmaps of GAME and NOGAME group; visualizes the level progress of the users in the GAME and NOGAME group throughout the whole session of the working memory training task; digit sequences = sequence of unlocking (U) phases, the individual maximum amount of sequences always corresponds to 25 minutes of training time; red = high number of participants, white = low number of participants.
Flow
To compare the perceived flow during the working memory task we used the scores of the FKS questionnaire of both groups. Participants' flow experience in the GAME group (mean = 44.54; SE = 2.82) and the NOGAME group (mean = 40.06; SE = 3.16), as assessed with the FKS, did not significantly differ (t(28)= 1.02; ns).
Discussion
The aim of the current study was to examine the effects of adding game elements to a conventional working memory training task on flow perception and performance. Thus, one group of participants interacted with a conventional working memory training task without game elements while the other used a working memory training task with added game elements. The results showed a significantly higher point score in the GAME group than in the NOGAME group, while there was no significant difference in the maximum achieved level between both groups. Additionally, the results revealed that there was no significant difference in the perceived flow between the GAME and NOGAME group.
Performance
The GAME group achieved a higher score in the application than participants in the NOGAME group. The point score was an adaptive measure, meaning that the score changed over the session of the working memory task, and took into account not only the maximum level but also the average capacity allocated over a longer period of time (for a detailed description see Game and Task Description). The adaptive point score also reflects how optimal or efficient the working memory task was carried out by the users throughout and until the end of the session. Users who worked at a much lower level than their maximum level were penalized with a lower point score.
The users of both groups did not significantly differ in their maximum achieved level for the working memory task, which indicates that the users did not differ in the number of maximum retainable information chunks. This result suggests that users of the GAME and NOGAME group did not differ in their maximal working memory capacity. Therefore, the higher point score in the GAME group compared to the NOGAME group cannot be explained by working memory capacity at all. Taking into account both results, maximum level and point score, it seems that the game elements enhanced the training performance and efficiency of the users. The heatmap depicts the level progress of the users in the GAME and NOGAME group in the course of the working memory training session. By doing so, one can identify that users of the GAME group predominantly trained at a higher level compared to the NOGAME group. The visual inspection of the both heatmaps showed that users in the GAME group clustered at level 5-6, while users of the NOGAME group predominantly clustered at level 4-5. Furthermore, the heatmaps showed that in both groups the highest achieved level was level 9. Taken together, the heatmaps support the results of the inferential statistical analyses of point score and maximum level. Specifically, it can be reasoned that participants of the GAME group could better allocate working memory resources, through the active and real-time update and reset mechanisms [25] [26] which are more relevant components of working memory performance than mere maximal capacity.
The presented results for the performance indicators of the working memory task, maximum level, adaptive point score and heatmap, show that the implementation of specific game elements improve the users overall training performance. However, it is not clear from this study if the identified effect can be replicated in a long-term study. The current study presented results from a one-time interaction with the working memory training task without the intention to conduct a comprehensive training study with several training sessions for each user. Nevertheless, the study shows that the mere addition of game elements to a conventional working memory training task improves the efficiency and performance of the users. Our results are in line with previous findings. Firstly, Mekler and colleagues [6] demonstrated the beneficial effects of game elements on the performance of an image annotation task. Secondly, Prins and colleagues [7] showed that ADHD children did benefit from a game version of a working memory training task compared to a non-game version. Further long term training studies and comprehensive cognitive assessments are needed to examine the beneficial effects of game elements on the performance of adult users in a working memory training task. Moreover, it is not clear, which of the various game elements contributed to the superior training efficiency of the GAME group. Therefore, systematic studies on the specific contributions of single game elements can also be of interest.
Flow
Several studies have shown that flow is associated with better performance (e.g. [27] [28] [29] [30] [31] ). However, flow does not necessarily cause higher performance [27] . Specifically, in a working memory training task, that reinforces users to constantly interact with the task at their maximum capabilities and even beyond. Therefore, it is difficult to reach higher flow when someone is constantly between maximal performance and cognitive overload. Contrary to our expectations, the current study did not show a significant difference in the perceived flow between GAME and NOGAME group. On the one hand, this result supports our claim that game elements in a working memory task improve the performance and efficiency of the users. This rules out the explanation that the higher performance of the GAME group is caused by a difference in the perceived amount of flow between the two groups. On the other hand, we need to reconsider our expectations/hypotheses regarding the influence of game elements on the perceived flow in a working memory task. The equally high perception of flow in the two groups could also indicate that game elements can induce better performance without changing the perception of being "in the zone", that is, without increasing anxiety or boredom in the GAME group. We did expect a higher flow in participants who used the working memory task with specifically implemented game elements compared to a group of participants who used the conventional version of the same task. Even though, the two versions (GAME and NOGAME) of the working memory task were identical regarding the basic structure of the task, they did differ in some of the flow antecedents [6] . Contrary to the conventional working memory training task (NOGAME) the gamified version of the working memory task provided a story/setting, namely the quest to free one's own brain. The process of "freeing one's own brain" was narratively supported by brain-themed animations (for details see Game and Task Description). We did assume that this thematic setting would influence the users' perception of the working memory training task. The users should perceive the gamified version as more intrinsically rewarding and autotelic and thus perceive a higher flow experience. It seems that this setting or story was not strong enough or not clearly enough communicated to the users to influence the overall impression and importance of the task. Specifically, it has been shown that the relationship between flow and challenge-skill balance is moderated by the perceived importance of the activity [27] . More research needs to be done to understand the influence of such contextual factors on flow. A further distinguishing factor between the GAME and NOGAME version was the quantity and precision of the feedback elements. The GAME version provided a higher quantity of feedback and more precise feedback than the NOGAME version of the working memory task. In both versions of the task the application provided immediate feedback e.g. showing a locked brain area (GAME) or a red "X" (NOGAME) for a wrong answer. However, the gamified version provided a progress bar and a level indicator as additional feedback. Feedback is an important antecedent of flow and helps the user to monitor his/her performance [8] [19] [20] . It seems that, at a given basic level of feedback additional feedback modalities do not increase flow substantially. Generally, the current results suggest that game elements do not interfere with perceived flow in a very pronounced way. However, since the implemented game elements (progress bar, level indicator, and thematic setting) do not comprise the whole spectrum of possible game elements we cannot rule out the possibility that more or even different game elements could alter flow perception in a working memory task. Furthermore, even though flow theory provides several well defined antecedents each individual's experience of flow is unique as it also depends on personal characteristics such as emotions, values and previous experiences [20] . In this attempt to evaluate the effects of game elements on the performance in a working memory training task we did not use any personality-trait tests. Yet, the specific effects of such variables should be examined in future research. Furthermore, future studies need to account for individual differences in feedback and reward preferences, which can influence enjoyment and performance of the users [32] .
Conclusion
This study provides empirical evidence that the implementation of certain game elements into a conventional working memory task can improve the performance and efficiency of users. There was no difference in flow between users who received the conventional working memory task and participants who used a gamified version of the same working memory task. The current results suggest that the mere addition of simple game elements can improve one's performance and willing to train on an optimal level. Users who received the conventional working memory task predominantly trained their working memory below their maximum capabilities, whereas participants using the gamified working memory task predominantly trained near their maximum capabilities. Nevertheless, future studies will be necessary to examine if the beneficial effects of game elements on the performance and efficiency in a working memory training will still be present in a long term training study. Furthermore, it is not clear which specific game elements influence the performance and perception of flow in a cognitive test and which cognitive abilities can even benefit from game elements. Overall, the results of this study can have wide-reaching practical implications in terms of the empirical evaluation and validation of game elements in the design of cognitive training and cognitive diagnostic. Gamification can be a cost-effective way to maximize performance in peak performance cognitive training.
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